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Abstract. Orbital Science Corporation and Fibersense Technology Corporation are working
together to produce a radiation hard, interferometric fiber optic gyro inertial reference unit.
The advantages of fiber optic gyros over both ring laser gyros and traditional mechanical
gyros have been well documented. Fiber optic gyros offer a rugged, low cost alternative to
other gyro technologies. Their straight forward design provides for a gyro that is highly
reliable with a low parts count and simple construction. Fiber optic gyros have no moving
parts eliminating mechanical wear out and induced vibrations from ring laser gyro dither
mechanisms. In addition, the light source for the fiber optic gyro does not require high
voltage, therefore, there is no corona region in which the gyro cannot operate. Another
advantage is that the light is propagated through a fiber optic medium which does not require
a sealed cavity.

Introduction
Orbital Science Corporation (Orbital) is
in the process of developing the Orbview3 high resolution imaging spacecraft. As
part of this design effort the available
Inertial Reference Units (IRU) were
investigated. The Orbview-3 design has
the IRU mounted on the camera's optical
bench. Mounting the gyros on the optical
bench requires that the gyros dissipate
minimal power and that they not induce
mechanical noise or vibration. Power
dissipated on the optical bench is
eliminated by mounting the gyros'
passive fiber optic spool on the bench
separate from the electronics which are
mounted elsewhere on the spacecraft.
These requirements imposed by locating
the gyros on the optical bench quickly
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narrowed the choice to Fiber Optic Gyros
(FOG). Unlike ring laser gyros, FOGs do
not have dither mechanisms; therefore
induced vibration from the dither
mechanisms, which would disturb image
quality, is eliminated. Additionally,
because FOGs do not require high
voltage power supplies, there is no
corona discharge concern and, therefore,
no early orbit operational constraints or
the need to have sealed units.

Orbital has teamed with Fibersense to
convert Fibersense's existing commercial
design to a space qualified, radiation
tolerant IRU. This effort will culminate
in the development and qualification of
two IRU configurations. The baseline
design will be a self-contained IRU with
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integrated fiber optic spools. An
engineering development unit is currently
in process which will be followed by a
qualification unit. The second
configuration, which will be flown on
OrbView-3, will be a two-for-one
redundant unit. Two separate, three axis
gyro housings will contain the fiber
spools. The electronics for the six gyro
channels will be located in one housing.
Although the gyro performance will be
the same for both designs, the packaging
and interface will be modified.

Performance parameters are discussed,
including results of radiation testing.

Fiber Optic Gyro Principal of Operation
Fiber optic gyros operate on the Sagnac
effect. A beam splitter is used to counter
propagate light through a fiber optic coil.
If the coil of optical fiber is not rotating
then the counter propagating photons will
arrive at the starting point after covering
identical distances. If the coil of fiber is
rotated then the distances the photons
travel along the two path lengths will be
different. The path length in the direction
of rotation will be longer and the path
length in the direction opposite the
rotation will be shorter. The difference in
path lengths is measured by the
interferometer as a phase difference and
this phase difference is proportional to
the rotation rate.

The Fibersense I Orbital baseline design
was implemented to meet the
performance requirements of most
commercial and military satellite
applications. Fiber optic gyros have the
advantage that they can be easily
modified to accommodate mission
unique requirements. In addition,
throughout the design process system
flexibility was designed in. Higher
accuracy missions can easily be
accommodated by modifying the fiber
length and spool diameter. Scale factor,
output frequency and output filtering can
also be modified without changing the
circuit card layout.

Besides the performance and data formatting
options the gyros can also be mounted
separately from the electronics. This
provides the capability to mount the gyros in
severe vibration environments or, because the
gyro optical spools are passive devices, in
areas that are sensitive to thermal dissipation.

The block diagram shown in Figure 1
presents the basic operation of a closed
loop interferometric FOG. The light
source is fed to a beam splitter that sends
the light around the fiber optic coil in
opposite directions. The beamsplitter
then recombines the light as it exits the
fiber. The recombined light enters the
interferometric detector which measures
the phase shift and therefore the rotation
rate. Sensitivity is enhanced by biasing
the optical signal through the use of an
electro-optic, phase modulator crystal! .

IRU Design

Figure 1 presents a simplified block diagram
ofa FOG IRU. The IRU consists of three
orthogonally mounted fiber optic spools, light

This paper presents an overview of the
radiation tolerant fiber optic gyro design
intended for use in spacecraft applications.
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Figure 1: IRU Block Diagram
sources, detectors, data processing logic,
modulators and an interface circuit.

Performance of the baseline design is
summarized in the table below. The
design utilizes approximately 1 km of
polarization maintaining fiber wound on
a spool with a mean diameter of 80 mm.
Electronics for the three axis IRU are all
contained on three 5.5" X 6.0" circuit
cards. Overall box dimensions are 7.2"
X 7.6" X 6.5".

The baseline IRU system interface
provides for dual redundant RS-422
outputs for Data, Clock and Frame Sync.
The IRU Output Data format consists of
five 16-bit words; word 1 is a frame count
and sub-com code, words 2 through 4 are
gyro X, Y and Z data and word 5 is a
subcommutated telemetry word. X, Y
and Z angle data is provided in the form
of incrementing angle. Delta angle or
delta theta is calculated by the user by

G. J. Sexton

taking the difference in gyro outputs.
Housekeeping telemetry, provided in
word 5, consists of gyro spool and
baseplate temperatures, light source
power monitors and voltage monitors.

The Orbview-3 IRU will utilize the same
gyro and electronics design as the
baseline IRU. In addition to the
repackaging of the unit to separate the
gyros and electronics and provide two for
one redundancy the system interface will
also be modified to accommodate
Orbview-3 mission unique requirements.
The resolution of the least significant
gyro data word will be reduced and the
IRU will also accept a data request pulse
as opposed to providing one. These
modifications are being done without
impacting the layout of the circuit card
assemblies.
The IRU has a hardware in the loop test
interface to support ground based system test.
The gyro receives a 16-bit command word,
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spool by subjecting one to many 15,000 g
shocks. The baseline IRU will be qualified to
a shock level of at least 1,600 g.

followed by three 16-bit gyro data words,
which are stored in a register. The user has
the option of having the simulated gyro data
word output directly or having it summed
with actual gyro output data. Two levels of
error protection are built into this interface.

The ruggedness of the fiber optic gyro makes
them ideal for high vibration or shock
environments, especially when the fiber
spools are mounted separately from the
electronics. The baseline IRU will be
qualified to 20 g rms. Fibersense has
demonstrated the ruggedness of the fiber

~--.I)(

The thermal environment effects the gyro
drift performance. Fibersense has
demonstrated gyro performance to
temperatures as low as -85 deg C and as high
as +75 deg C. The performance numbers
presented in Table 1 are unmodeled for
temperature effects over a temperature range
of 0 to +50 deg C. Drift over temperature can
be modeled for applications demanding higher
performance.
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Figure 2: IRU Outline Drawing
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The system power interface operates
nominally at 28 VDC and consumes 25
watts. The unit can operate at supply
voltages of 18 to 40 VDC. The IRU
contains an electronic power converter
that is designed to meet the EMIIEMC
requirements ofMIL-STD-461C.

half of the beginning of life value. The
half power life ofthe light source is 11.4
years. The IRU is designed to meet its
perfonnance parameters beyond this
point. A life test of the light source is
currently in process, the results of which
will help detennine the predicted life of
the IRU beyond the 11.4 years.

Specifications:
Rate Range:
Bias
Angle Random Walk
Turn On To Turn On
In Run Stability
Bias@25°C
Stability Over Temp
Scale Factor
Resolution
Linearity
Stability
Power
Weight
Input Voltage
Operating Temp
Total Ionizing Dose
Life

Parts used in this design have been
selected to MIL-STD-883 Grade B
"plus" requirements. The IRU is
0.005°/."jHr
designed to meet a 100 krad(Si) total
0.5°lRr
dose radiation requirement. The unit is
single event upset tolerant to a level of
28 Mev/mg-cm2• Materials have been
selected to meet the requirements of
0.06 ArcseclLSB 1.0% total mass loss and 0.1% volatile
500 ppm
condensable material content.
100 ppm

± 140 a/Sec

25 Watts
8.1 Ibs
28VDC
-10 to +50 °C
100 kRad(Si)
> 100,000 Hrs

In tenns of reliability the FOG consists
of only two active and three passive
optical devices. Since the light within
the FOG remains within a guiding
medium the FOG is not susceptible to
failure due to loss of alignment or
leakage. The FOG electronics utilize
readily available analog and digital
components. The only life limiting
parameter in the IRU is the half power
point of the light source. This is the
point at which the intensity of light is

G. J. Sexton

Radiation Sensitivity of the Fiber Optic
Cable
Radiation susceptibility of the fiber was
identified as an unknown at the start of
this program. Exposure to radiation will
darken the fiber, increasing attenuation.
The Fibersense commercial gyros use an
850 nm light source. Published data 2
indicated that the radiation susceptibility
of fiber operated at 850 nm would suffer
greater attenuation due to radiation than
fiber operated at 1300 or 1500 nm. The
original design intention was that greater
radiation effects in the 850 nm fiber
would be offset because less fiber would
be required due to the 850 nm's greater
sensitivity and higher accuracy.
Samples of fiber were subjected to
gamma radiation at NASA Goddard
Space Flight Center's Radiation Test
Facility. The data shows that the
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attenuation measured in the 850 nm fiber
was far greater than expected but the
1300 nm fiber experienced less than was
anticipated. One kilometer of fiber
operated at 1300nm will suffer
approximately 5 dBIkm attenuation after
receiving a cumulative dose of 100
krad(Si) and less than 0.5 dB/km at a
cumulative dose of 10 krad(Si). The
attenuation in the fiber operated at
850nm was approximately 180 db/km
after 100 krad(Si) total induced dose and
greater than 20 dB at 10 krad(Si). The
gyro will meet its performance
parameters with up to 6 dBm of
attenuation. Based on these
measurements the decision was made to
use the 1300 nm wavelength in the
system design3 •

stress and reliability analyses are also in
process.

Breadboard testing of the digital signal
processing techniques and a 200 meter
version of the fiber optic spool have
been completed. These tests have
confirmed the gyro design parameters.

The current plan is to complete
fabrication and testing of an EDU by
October 1997. This unit will be
subjected to full performance testing,
followed by EMI and environmental
testing. Performance will be verified
over the unit's operating temperature
range while it is being subjected to
thermal cycling. Vibration will be to
acceptance test levels of 14 g rms. The
unit will also be subjected to EMI testing
to verify compliance to MIL-STD-461 C.

Although the 850 nm fiber optic cable is
not suitable for high radiation
environments it is still suitable for
application in spacecraft that have low
total dose requirements or in launch
vehicles. These systems will utilize nonradiation tolerant parts that are the
equivalents of the baseline IRU parts,
saving considerably on material costs.

Upon completion of EDU testing a
qualification unit will be manufactured.
This unit, which is planned to start test at
the end of the first quarter of 1998, will be
subjected to the following environments:
Thermal Cycling: 10 Cycles, -34°C to
+71°C
Thermal Vacuum: 3 Cycles, - 34°C to
+71°C
Vibration: 20-2000Hz, 0.20 g2/Hz, 20 g
rms overall, 120 second duration
Shock: 1600g
EMIIEMC: MIL-STO-461C

Program Status
The design of the IRU has been
completed. Closed loop simulations of
the gyro data processing logic have been
successfully completed. Parts lists have
been generated and approved for both
radiation tolerance and screening levels
by Parts Engineering. Procurement of
the parts for the Engineering
Development Unit (EDU), Qual and first
flight units has begun. Worst case, parts

The first flight unit is scheduled for delivery
in the summer of 1998. This unit is to be
flown on Orbital's OrbView-3 mission. The
unit will have the above performance features,
but because of system constraints will have
6
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the fiber optic spools mounted remotely from
the gyro electronics.

2. EJ. Friebele, L.A. Brambani, M.E.
Gingerich, SJ. Hickey, and J.R. Onstott,
" Radiation Induced Attenuation in
Polarization Maintaining Fibers: Low
Dose Rate Response, Stress and
Materials Effects," Applied Optics, Vol.
28, No. 23 , 1 December 1989.
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